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57 ABSTRACT

A coil spring has a spring wire wound in a coil shape having
an outer diameter side portion and an inner diameter side
portion on a peripheral shape in a cross section thereof, one of
the outer diameter side portion and inner diameter side por-
tion formed in a semi-circular shape expressed by x*+y>=b?,
the other thereof formed in a non-circular shape with a long
diameter “a” and a short diameter “b” expressed by (x/a)*+
(y/b)*=1, and value of the “a” set in a range of 1.85 to 2.45,
and contact faces provided between the inner diameter side
portion and the outer diameter side portion on the peripheral
shape in the cross section such that each contact face comes
into contact with a contact face of an adjacent coil in an axial
direction along an axis line of the coil spring.

15 Claims, 9 Drawing Sheets
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Fig. 2

Fig. 3
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Fig. 9
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Fig. 11
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Fig. 13
RELATED ART
1.1
ELLIPTICITY: 092
i —M— ELLIPTICITY: 0.78

o)
E 0.9
o | __— SPRING CONSTANT : FIXED
v 08 | — GLOSE CONTACT HEIGHT : FIXED
0 BASE WIRE : CIRCULAR SECTION
©
= 0.7
0

06

0.5

2 4 6 8
D/W
Fig. 14
RELATED ART
1.1
ELLIPTICITY: 0.62
o —— ELUPTICITY:0.78
5
+ 0.9
Q
SPRING CONSTANT :FIXED

c 0.8 ._____“-;V//'/. STRESS:FIXED
% ’ BASE WIRE : CIRCULAR SECTION
O
w 0.7
9
O 06

0.5

2 4 6 8
D/W




US 8,684,342 B2

Sheet 9 of 9

Apr. 1,2014

U.S. Patent




US 8,684,342 B2

1
COIL SPRING

BACKGROUND OF THE INVENTION

The present invention relates to a coil spring that is used in
a torsion spring for a torsional vibration absorbing device or
the like.

A conventional coil spring such as a torsion spring applied
to, for example, a clutch disk is made of a spring wire with a
circular section wound in a coil shape. The spring wire is
provided with flat faces on a peripheral shape in a cross
section thereof as contact faces.

When load is applied to the coil spring until a coil shape is
put in a close contact state or in a locked state, each flat face
of each coil of the coil spring comes into contact with a flat
face of an adjacent coil to receive the load stably and suppress
displacement in a diameteral direction of the coil.

In the coil spring, however, stress acting on an inner side
portion in the diametral direction of the coil (an inner diam-
eter side portion) is generally higher than stress acting on an
outer side portion in the diametral direction of the coil (an
outer diameter side portion). In this way, bias of the stress is
generated to deteriorate stress dispersion. In addition to the
bias, providing the flat faces further deteriorates stress dis-
persion in a circumferential direction in a cross section of the
spring wire.

On the other hand, when the flat faces are provided on the
spring wire of the coil spring, smaller oblateness in the cross
section of the spring wire is advantageous in designing a low
stiffness spring with longer stroke because a close contact
length (height) that is a length in an axial direction of the coil
spring in the close contact state becomes shorter.

FIG. 13 is a graph showing a relationship between a spring
index D/W and a stress ratio due to a difference in oblateness
T/W, and FIG. 14 is a graph showing a relationship between
a spring index D/W and a close contact height ratio due to
difference in oblateness T/W. The symbols of T, W and D are
the same as the symbols of a spring wire 101 shown in FIG.
15. Namely, T denotes the maximum thickness in an axial
direction of a coil spring, W denotes the maximum width in a
radial direction of a coil, and D denotes a coil mean diameter.

In FIG. 13, it shows measurement results in stress ratio
obtained from coil springs each having flat faces provided on
a spring wire with a circular section in state of fixing spring
constant and a close contact height. In FIG. 14, it shows
measurement results in close contact height ratio obtained
from coil springs each having flat faces provided on a spring
wire with a circular section in state of fixing spring constant
and stress. In FIGS. 13 and 14, stress change with respect to
the spring index D/W at the oblateness T/W=0.92 is set in
value of 1, and the stress ratios or the close contact height
ratios at the oblateness T/W=0.76 are plotted with reference
to the stress change at the oblateness T/W=0.92.

Asis apparent from FIGS. 13 and 14, both the stress and the
close contact height at the oblateness T/W=0.76 are smaller
than those at the oblateness T/W=0.92.

FIGS. 15 and 16 are explanatory diagrams each showing
analysis results of stress distribution based upon the finite
element method in a cross section of a spring wire of a
conventional coil spring. A spring wire 101 is made of a
circular base wire with a circular section and has flat faces 103
formed on the base wire by wiredrawing to set oblateness
T/W in 0.92. A spring wire 105 is made of a circular base wire
with a circular section and has flat faces 107 formed on the
base wire by wiredrawing to set oblateness T/W in 0.76.

As is apparent from comparison between FIGS. 15 and 16,
by forming the flat faces 103 and 107, the spring wires 101
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and 105 each made of the circular base wire with the circular
section can disperse stresses at inner diameter side portions
108 up to the flat faces 103 and 107. In this way, stress
dispersion in a circumferential direction can be achieved
according to reduction of the oblateness T/W. However, con-
tinuity of the stress distribution lowers in a circumferential
direction, so that forming the flat faces 103 or 107 on the
circular base to reduce oblateness prevents evenness of stress.

FIG. 17 shows an analysis result of a stress distribution
based upon the infinite element method like FIGS. 15 and 16.
A spring wire 109 is made of a rectangular base wire with a
rectangular section. Even in a case of the spring wire 109
having the rectangular section, stress acting on an inner diam-
eter side portion 108 can be dispersed and a load can be stably
received in a close contact state like the cases shown in FIGS.
15 and 16.

However, the spring wire shown in FIG. 17 is lower in
continuity of the stress dispersion in a circumferential direc-
tion than the spring wire with the same oblateness T/W=0.76
shown in FIG. 16.

That is, a conventional coil spring including flat faces pro-
vided on a spring wire with a circular section or a rectangular
section has a problem that evenness of stress distribution is
prevented according to intermittence of stress dispersion in a
circumferential direction in a cross section.

Patent Literature 1: Japanese Unexamined Patent Application

Publication No. H06-300065
Patent Literature 2: Japanese Unexamined Patent Application

Publication No. H10-82440

SUMMARY OF THE INVENTION

An object ofthe present invention is to provide a coil spring
capable of achieving continuity of stress dispersion in a cir-
cumferential direction in a cross section to improve evenness
of stress distribution while receiving load stably in a close
contact state and reducing the oblateness to shorten a close
contact length.

In order to accomplish the object, an aspect of the present
invention provides a coil spring including a spring wire
wound in a coil shape having an outer diameter side portion
and inner diameter side portion in a cross section. One of the
outer diameter side portion or the inner diameter side portion
is formed in a semi-circular shape expressed by x*+y*=b>,
and the other thereof is formed in a non-circular shape with a
long diameter “a” and a short diameter “b” expressed by
(x/a)*+(y/b)*=1. In the expression, value of the “a.” is set in
a range of 1.85 to 2.45. The coil spring further includes
contact faces provided between the inner diameter side por-
tion and the outer diameter side portion on the peripheral
shape in the cross section of the spring wire such that each
contact face of each coil comes into contact with a contact
face of an adjacent coil in an axial direction of the coil spring.

According to an aspect of the present invention, continuity
of stress dispersion in a circumferential direction in a cross
section can be achieved to improve evenness of stress distri-
bution while receiving load stably in a close contact state and
reducing the oblateness to shorten a close contact length.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing a coil spring (Embodiment
D).

FIG. 2 is an enlarged sectional view partly showing an
inner side in aradial direction of an arc shape of the coil spring
of FIG. 1 (Embodiment 1).
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FIG. 3 is an enlarged sectional view showing a spring wire
of the coil spring of FIG. 1 (Embodiment 1).

FIG. 4 is a sectional view showing a peripheral shape of a
base wire used for the spring wire of the coil spring of FIG. 1
(Embodiment 1).

FIG. 5 is an explanatory diagrams each showing an analy-
sis result of a stress distribution based upon the infinite ele-
ment method (Embodiment 1).

FIG. 6 is an explanatory diagrams each showing an analy-
sis result of a stress distribution based upon the infinite ele-
ment method (Embodiment 1).

FIG. 7 is a graph showing a relationship between a spring
index D/W and a stress ratio due to a difference in a base wire
(Embodiment 1).

FIG. 8 is a graph showing a relationship between a spring
index D/W and a close contact height ratio due to a difference
in a base wire (Embodiment 1).

FIG. 9 is a graph showing a relationship between a spring
index D/W and a weight ratio due to a difference in base a
wire (Embodiment 1).

FIG. 10 is a graph showing a relationship between an
oblateness T/W and a stress ratio due to a difference in spring
index D/W (Embodiment 1).

FIG. 11 is a graph showing a relationship between an
oblateness T/W and a close contact height ratio due to a
difference in spring index D/W (Embodiment 1).

FIG. 12 is a graph showing change in stress ratio on the
basis of change in a value of “a” of a spring wire whose base
wire has a semi-circular shape on an outer diameter side
portion (Embodiment 1).

FIG. 13 is a graph showing a relationship between a spring
index D/W and a stress ratio due to a difference in oblateness
T/W (Related art).

FIG. 14 is a graph showing a relationship between a spring
index D/W and a close contact height ratio due to a difference
in oblateness T/W (Related art).

FIG. 15 is an explanatory diagrams each showing an analy-
sis result of a stress distribution based upon the infinite ele-
ment method (Related art).

FIG. 16 is an explanatory diagrams each showing an analy-
sis result of a stress distribution based upon the infinite ele-
ment method (Related art).

FIG. 17 is an explanatory diagrams each showing an analy-
sis result of a stress distribution based upon the infinite ele-
ment method (Related art).

DETAILED DESCRIPTION OF THE INVENTION

Anembodiment of the present invention forms flat faces on
aperipheral shape in a cross section of'a spring wire including
one of an outer diameter side portion or an inner diameter side
portion is formed in a semi-circular shape expressed by
x2+y”*=b? and the other thereof is formed in a non-circular
shape with a long diameter “a” and a short diameter “b”
expressed by (x/a)*+(y/b)*=1. As this result, continuity of
stress dispersion in a circumferential direction in a cross
section can be achieved to improve evenness of stress distri-
bution while receiving load stably in a close contact state and
reducing the oblateness to shorten a close contact length.

Embodiment 1
Coil Spring
FIG. 1 is a front view showing a coil spring according to an

embodiment 1 of the present invention, FIG. 2 is an enlarged
sectional view partly showing an inner side portion in a radial
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direction of an arc shape of the coil spring, FIG. 3 is an
enlarged sectional view showing a spring wire of the coil
spring, and FIG. 4 is a sectional view showing a peripheral
shape of a base wire used for the spring wire.

A coil spring 1 shown in FIG. 1 is assembled in such as
torsional dampers (torsional vibration absorbing devices) of
dual mass flywheels, lock-up mechanisms for torque convert-
ers or frictional disks designed for wet or dry clutch system.
The coil spring 1 comprises a spring wire 3 wound in a coil
shape. The coil spring 1 has an axis line 4 with an arc shape in
a free state thereof, and the curvature radius R of the arc shape
corresponds to a curvature radius in an assembled state.

As shown in FIGS. 2 to 4, the spring wire 3 for the coil
spring 1 is made of a base wire (FIG. 4) whose peripheral
shape in a cross section has an inner diameter side portion 5
that is an inner side portion in a diametral direction of the coil
and an outer diameter side portion 7 that is an outer side
portion in the diametral direction of the coil. The inner diam-
eter side portion 5 is formed in a semi-circular shape
expressed by x*+y*=b>, in which “b” is a short diameter. The
outer diameter side portion 7 is formed in a non-circular shape
with a long diameter “a” and a short diameter “b” in which
each diameter “a” and “b” is measured from a reference line
6 that is parallel to axis line 4 and which passes through the
center of the semi-circular and non-circular shapes, the non-
circular shape being expressed by (x/a)*+(y/b)*=1. On the
peripheral shape of the base wire, flat faces 9 and 11 serving
as contact faces are provided, to form the spring wire 3.
According to the embodiment, value of “a” is set in a range of
1.8510 2.45.

As shown in FIGS. 2 and 3, the flat faces 9 and 11 are
provided on both sides in an axial direction of the coil spring
1 in a cross section of the spring wire 3. The flat faces 9 and 11
are inclined to gradually come close to each other such that
the cross section of the spring wire 3 forms a wedge shape. In
this embodiment, inclinations of the flat faces 9 and 11 extend
along a direction of a curvature radius of the arc shape of the
coil spring 1. A width H of each of the flat faces 9 and 11
depends on an oblateness T/W and it is set to satisfy
T/W=0.76 in this embodiment.

A mutual angle 6 of the flat faces 9 and 11 and the maxi-
mum thickness T on the inner diameter side portion 5 is set on
the basis of the oblateness T/W and the inclination setting.
The center of the mutual angle 6 is the center of curvature of
the coil spring 1.

[Stress Dispersion]

FIG. 5 is an explanatory diagram showing an analysis
result of a stress distribution based upon the infinite element
method. As shown in FIG. 5, stress acting on the inner diam-
eter side portion 5 is continuously dispersed up to the flat
faces 9 and 11 in the spring wire 3 owing to formation of the
flat faces 9 and 11. As is apparent from comparison with the
example of FIG. 15 that has the same oblateness as FIG. 5, the
embodiment of the present invention in FIG. 5 can reliably
improve continuity and evenness of stress dispersion of the
spring wire 3 while reducing the oblateness of the spring wire
3.

The shapes of the inner diameter side portion 5 and the
outer diameter side portion 7 may be reversed as shown in
FIG. 6.

FIG. 6 is an explanatory diagram showing an analysis
result of a stress distribution based upon the infinite element
method according to a modification of the embodiment of the
present invention. According to the modification, a spring
wire 3A is made of a base wire whose peripheral shape in a
cross section has an inner diameter side portion 5 and an outer
diameter side portion 7. The outer diameter side portion 7 is
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formed in a semi-circular shape expressed by x*>+y>=b*. The
inner diameter side portion 5 is formed in a non-circular shape
with a long diameter “a” and a short diameter “b” expressed
by (x/a)*+(y/b)*=1. On the peripheral shape ofthe base wire,
flat faces 9 and 11 serving as contact faces are provided, to
form the spring wire 3A. As shown in FIG. 6, the modification
can reliably achieve continuity and evenness of stress disper-
sion of the spring wire 3A while reducing the oblateness of
the spring wire 3A. Additionally, the continuity and evenness
of stress dispersion in the modification can be further
improved as compared with the coil spring 1 shown in FIG. 5.

The coil spring made of the base wire having the same
peripheral shape as FIG. 6 with no flat face has been already
proposed by the present applicant in an Examined patent
application publication No. 06-23583.

[Stress Ratio, Close Contact Height Ratio, and Weight
Ratio]

FIG. 7 is a graph showing a relationship between a spring
index D/W and a stress ratio due to a difference in a peripheral
shape (base wire), FIG. 8 is a graph showing a relationship
between a spring index D/W and a close contact height ratio
due to a difference in a base wire, FIG. 9 is a graph showing
a relationship between a spring index D/W and a weight ratio
due to a difference in a base wire, F1G. 10 is a graph showing
a relationship between an oblateness T/W and a stress ratio
dueto adifference in spring index D/W, and FIG. 11 is agraph
showing a relationship between an oblateness T/W and a
close contact height ratio due to a difference in spring index
D/W.

In each of FIGS. 7 to 9, it employs objective coil springs
including flat faces provided on spring wires whose periph-
eral shapes of base wires are a circular shape, a rectangular
shape, a semi-circular shape on an inner diameter side (cor-
responding to the cross section of FIG. 5), and a semi-circular
shape on an outer diameter side (corresponding to the cross
section of FIG. 6), respectively. FIG. 7 shows measurement
results in stress ratio obtained from the objective coil springs
each having oblateness T/W=0.76 in state of fixing spring
constant and a close contact height. FIG. 8 shows measure-
ment results in a close contact height obtained from the objec-
tive coil springs each having oblateness T/W=0.76 in state of
fixing spring constant and stress. FIG. 9 shows measurement
results in weight ratio obtained from the objective coil springs
each having oblateness T/W=0.76 in state of fixing spring
constant and stress. In FIGS. 7 to 9, value of the spring wire
made of the circular base wire with the circular section is set
in 1, and the stress ratios, the close contact height ratios, or the
weight ratios with respect to spring indexes D/W of the spring
wires whose peripheral shapes of base wires are the rectan-
gular shape, the semi-circular shape on an inner diameter side
(corresponding to the cross section of FIG. 5), and the semi-
circular shape on an outer diameter side (corresponding to the
cross section of FIG. 6) are plotted with reference to the set
value of 1.

As shown in FIGS. 7 to 9, all of the stress ratios, the close
contact height ratios, and the weight ratios of the spring wires
each made of the base wire with the rectangular section are
largely exceeded those of the spring wire with the circular
section. On the other hand, all of the stress ratios, the close
contact height ratios, and the weight ratios of the spring wires
whose base wires with the semi-circular shape on the inner
diameter side (corresponding to the cross section of FIG. 5),
and the semi-circular shape on the outer diameter side (cor-
responding to the cross section of FIG. 6) are fallen below
those of the spring wire with the circular section.

In FIG. 10, it shows measurement results in stress ratio
obtained from coil springs each having flat faces provided on
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a spring wire whose peripheral shape of a base wire is a
semi-circular shape on an outer diameter side (corresponding
to the cross section of FIG. 6) in state of fixing spring constant
and a close contact height. In FIG. 11, it shows measurement
results in a close contact height ratio obtained from coil
springs each having flat faces provided on a spring wire
whose peripheral shape of a base wire is a semi-circular shape
on an outer diameter side (corresponding to the cross section
of FIG. 6) in state of fixing spring constant and stress. In
FIGS. 10 and 11, stresses or close contact heights at the
oblateness T/W=0.76 are set in value of 1, and stress ratios or
close contact height ratios at the other oblatenesses are plot-
ted with reference to the set value of 1.

As shown in FIGS. 10 and 11, similar change tendencies of
the stress and the close contact height could be obtained
according to reduction of the oblateness in each spring index
D/W.
[“c” and a Stress Ratio]

FIG. 12 is a graph showing change in the stress ratio on the
basis of change in value of “a.” of a spring wire. In FIG. 12, it
shows measurement results obtained from coil springs each
comprising a spring wire with oblateness T/W=0.76 whose
peripheral shape of a base wire is a semi-circular shape on an
outer diameter side (corresponding to the cross section of
FIG. 6) in state of fixing spring constant, an outer diameter of
a coil, a close contact height. In FIG. 12, stress ratios of two
examples with the oblateness T/W=0.76 and the oblateness
T/W=0.92 each having a circular section and one example
with the oblateness T/W=0.76 having a rectangular section
are also shown as comparative examples.

As shown in FIG. 12, stress ratio at the oblateness
T/W=0.92 is set in value of 1, and stress ratios at the other
oblatenesses are plotted with reference to the set value of 1 to
specify a range of the stress ratio less than the set value of 1.
As is apparent from FIG. 12, the range of the stress ratio less
than the set value of 1 is a range of a=1.85 to 2.45. When the
range of a=1.85 to 2.45 is adopted, the embodiment is advan-
tageous in design over the comparative example with oblate-
ness T/W=0.92 with a circular section.

Effect of Embodiment 1

According to the embodiment of the present invention, the
coil spring 1 comprises the spring wire 3 wound in a coil
shape having the inner diameter side portion 5 and outer
diameter side portion 7 in the cross section. One of the outer
diameter side portion 7 or inner diameter side portion 5 is
formed in the semi-circular shape expressed by x*+y>=b?,
and the other thereof'is formed in the non-circular shape with
a long diameter “o” and a short diameter “b” expressed by
(x/a)*+(y/b)*=1. The value of the “a.” is set in a range of 1.85
to 2.45. The coil spring 1 further includes flat faces 9 and 11
provided between the inner diameter side portion 5 and the
outer diameter side portion 7 on the peripheral shape of the
spring wire in the cross section such that each flat face of each
coil comes into contact with a flat face 9 or 11 of an adjacent
coil in the axial direction along the axis line 4 of the coil
spring 1. Therefore, continuity of stress dispersion in the
circumferential direction in the cross section of the spring
wire 3 or 3A can be achieved to improve evenness of stress
distribution while receiving load stably in the close contact
state or locked state and reducing the oblateness to shorten a
close contact length.

Therefore, quality enough to design a coil spring having
low rigidity and a long stroke required for a coil spring
applied to a torsional damper or the like can be obtained
easily. And this also enables to easily improve filtering func-
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tion, that is, reduction of noise and vibration, in dynamic
condition. This function is required for torsional dampers
(torsional vibration dampers) to be assembled in engine sys-
tem.

The flat faces 9 and 11 are provided on both sides in the
cross section of the spring wire 3 in the axial direction along
the axis line 4, so that load in the axial direction in the close
contact state or locked state can be reliably received to sup-
press displacement in the radial direction.

The flat faces 9 and 11 are inclined to gradually come close
to each other such that the cross section of the spring wire 3
forms a wedge shape. Therefore, even if the axis line 4 is arc
shape, load in the axial direction can be received reliably to
suppress displacement in the coil radius direction.

Especially, in the case of forming the coil outer diameter
side portion 7 in the non-circular shape, the flat faces 9 and 11
can be formed at an inner side in the radial direction of the arc
shape of the coil spring 1 without significant impact on the
cross section of the spring wire 3.

The coil shape of the spring wire 3 is set to have an arc
shape in the axis line 4 in the free state, so that it can facilitate
to assemble the coil spring 1 in an arc shape. The coil shape of
the spring wire 3 can be easily set according to the flat faces
9 and 11 and the arc shape of the axis line 4.

The coil spring 1 has a curvature radius R of the axis line 4

at assembly. This ensures easier assembly process and free-
dom in design to accommodate curvature of the coil axis 4 of
the flat faces 9 and 11.
The coil spring 1 is assembled in torsional damper (torsional
vibration absorbing device) of dual mass flywheels, lock-up
mechanisms for torque converters or friction disks designed
for dry or wet clutch mechanism. This enables application of
coil springs of longer stroke and low stiffness.

Other Embodiments

The contact faces are not only the flat faces 9 and 11 but
also may be a small convex surface or a small concave sur-
face. One of the contact faces on one side in a direction of the
coil axis line 4 of the spring coil 3 can be formed in a small
convex surface while the other thereof can be formed in a
small concave surface.

The invention claimed is:

1. A coil spring comprising:

a spring wire wound in a coil shape having an outer diam-
eter side portion and an inner diameter side portion on a
peripheral shape in a cross section thereof, the outer
diameter side portion formed in a semi-circular shape
expressed by x*+y*=b? in which “b” is a short diameter,
the inner diameter side portion formed in a non-circular
shape with a long diameter “a” and the short diameter
“b” expressed by (x/a)*+(y/b)*=1 wherein each of “a”
and “b” is measured from a reference line that passes
axially through a center of each of the semi-circular and
non-circular shapes and which is measured in the width
direction of the coil spring, and the value of the “a” set
in a range of 1.85 to 2.45;

the coil shape of the spring wire is set to have an arc shape
along an axis line of the coil spring in a free state;

contact faces provided on both sides of the spring wire
along the axis line of the coil spring, each contact face
being provided between the inner diameter side portion
and the outer diameter side portion on the peripheral
shape in the cross section and being configured so as to
extend from a region of the non-circular shape to a
region of the semi-circular shape such that each contact
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face comes into contact with a contact face of an adja-
cent coil in the axial direction of the coil spring, in which

“T” is a maximum thickness of the spring wire in the axial
direction of'the coil spring, “W” is a maximum width of
the spring wire in a diametral direction of the coil spring,
and “H” is a width of each contact face of the spring wire
in the diametral direction of the coil spring so that a size
ofthe width “H” is determined by the relative value of an
oblateness T/W and the value of “o”” when set in the
range of 1.85 to 2.45; and

each contact face having a width at the region of the non-
circular shape in the diametral direction of the coil
spring that is larger than a width of said each contact face
at the region of the semi-circular shape in the diametral
direction of the coil spring, said diametral direction
extending in the direction along which the diameter of
the coil spring is measured when said coil spring is
viewed in cross section and wherein said respective
widths of said regions at said respective non-circular and
semi-circular shapes in the diametral direction of the
coil spring are measured relative to said reference line
that passes axially through the center of the non-circular
and semi-circular shapes whereby said reference line is
parallel to said axis line of the coil spring.

2. The coil spring of claim 1, wherein

the contact faces are each formed in a flat face.

3. The coil spring of claim 1 or 2, wherein

the contact faces are provided on both sides on the periph-
eral shape in the cross section of the spring wire in the
axial direction.

4. The coil spring of claim 3, wherein

both the contact faces are inclined such that the cross
section of the spring wire becomes a wedge shape.

5. The coil spring of claim 1 or 2, wherein

the arc shape has a curvature radius corresponding to a
curvature radius in an assembled state.

6. The coil spring of claim 1 or 2, wherein

the coil spring is used in a torsional damper of a dual mass
flywheel, a lock-up mechanism for a torque converter or
a frictional disk designed for a wet or dry clutch system.

7. The coil spring of claim 1, wherein

a stress ratio of the spring wire comprises a value less than
1, said stress ratio being set with an oblateness
T/W=0.92 relative to a circular section of the spring
wire.

8. The coil spring of claim 1, wherein the “a” is set in a

range of 2.1 to 2.4.

9. The coil spring of claim 1, wherein the oblateness T/W

is set within a range of 0.6<T/W=0.76.

10. A coil spring comprising:

a spring wire wound in a coil shape having an outer diam-
eter side portion and an inner diameter side portion on a
peripheral shape in a cross section thereof, the inner
diameter side portion being formed in a semi-circular
shape expressed by x>+y>=b” in which “b” is a short
diameter, the outer diameter side portion being formed
in a non-circular shape with a long diameter “a” and the
short diameter “b” expressed by (x/a)*+(y/b)“=1
wherein each of “a” and “b” is measured from a refer-
ence line that passes axially through a center of each of
the semi-circular and non-circular shapes and which is
measured in the width direction of the coil spring, and
the value of the “o”” set in a range of 1.85 to 2.45;

the coil shape of the spring wire is set to have an arc shape
along an axis line of the coil spring in a free state; and

contact faces provided on both sides of the spring wire
along an axis line of the coil spring, each contact face
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being provided between the inner diameter side portion
and the outer diameter side portion on the peripheral
shape in the cross section and being configured so as to
extend from a region of the non-circular shape to a

10

and “b” is measured from a reference line that passes
axially through a center of each of the semi-circular and
non-circular shapes and which is measured in the width

[T}

direction of the coil spring, and the value of the “a” set

in a range of 1.85 to 2.45;
the coil shape of the spring wire is set to have an arc shape
along an axis line of the coil spring in a free state;
contact faces provided on both sides of the spring wire
along the axis line of the coil spring, each contact face
10 being provided between the inner diameter side portion
and the outer diameter side portion on the peripheral
shape in the cross section and being configured so as to
extend from a region of the non-circular shape to a
region of the semi-circular shape such that each contact
face comes into contact with a contact face of an adja-
cent coil in the axial direction of the coil spring; and
each contact face having a width at the region of the non-
circular shape in the diametral direction of the coil
spring that is larger than a width of said each contact face
at the region of the semi-circular shape in the diametral
direction of the coil spring, said diametral direction
extending in the direction along which the diameter of
the coil spring is measured when said coil spring is
viewed in cross section and wherein said respective
widths of said regions at said respective non-circular and
semi-circular shapes in the diametral direction of the
coil spring are measured relative to said reference line
that passes axially through the center of the non-circular
and semi-circular shapes whereby said reference line is
parallel to said axis line of the coil spring.
14. The coil spring of claim 13, wherein the “a.” is set in a
range of 2.1 to 2.4.
15. The coil spring of claim 13, wherein the oblateness
T/W is set within a range of 0.6<T/W=0.76, in which
“T” is a maximum thickness of the spring wire in the axial
direction ofthe coil spring and “W” is a maximum width
of the spring wire in the diametral direction of the coil
spring.

region of the semi-circular shape such that each contact 3
face comes into contact with a contact face of an adja-
cent coil in the axial direction along an axis line of the
coil spring, and

each contact face having a width at the region of the non-
circular shape in the diametral direction of the coil
spring that is larger than a width of said each contact face
at the region of the semi-circular shape in the diametral
direction of the coil spring, said diametral direction
extending in the direction along which the diameter of
the coil spring is measured when said coil spring is 15
viewed in cross section and wherein said respective
widths of said regions at said respective non-circular and
semi-circular shapes in the diametral direction of the
coil spring are measured relative to said reference line
that passes axially through the center of the non-circular 20
and semi-circular shapes whereby said reference line is
parallel to said axis line of the coil spring.

11. The coil spring of claim 10, wherein the “a” is set in a

range of 2.1 to 2.4.
12. The coil spring of claim 10, wherein the oblateness 25
T/W is set within a range of 0.6<T/W=0.76, in which

“T” is a maximum thickness of the spring wire in the axial
direction of the coil spring and “W” is a maximum width
of the spring wire in the diametral direction of the coil
spring. 30

13. A coil spring comprising:

a spring wire wound in a coil shape having an outer diam-
eter side portion and an inner diameter side portion on a
peripheral shape in a cross section thereof, the outer
diameter side portion formed in a semi-circular shape 35
expressed by x*+y?=b? in which “b” is a short diameter,
the inner diameter side portion formed in a non-circular
shape with a long diameter “a” and the short diameter
“b” expressed by (x/a)*+(y/b)*=1 wherein each of “a” ¥ % % % %



